In the study, health risk assessment on heavy metals ingestion was presented through the groundwater drinking pathway for residents in an oil and gas producing area of Rivers State, Nigeria. The level of the ground water pollution was examined, the quality of the borehole and the well water was assessed and the quality of the ground water pathway for the resident in the oil and gas producing area was determined and compared with the national and international standards for the drinking water. This study adopted both the field and laboratory experimental analysis of physical and chemical parameters. Water samples were analyzed for Physico-chemical parameters following acceptable methods to determine the compliance, and the results were analyzed according to drinking water guidelines. Interestingly, the results show that the ground water contained high amounts of turbidity (21.5 NTU, 23.00 NTU and 19.0 NTU in the borehole water and well water), iron (5.3 mg/L in the ground water and 6.98 mg/L in the borehole water) and pHs of all water samples were acidic in the study area. These results show that ground waters including the borehole and the well waters of the study area had acquired reasonable levels of pollution. Whereas, other values were found to be lower or above and corHow to cite this paper: Olalekan, R.M.,
Introduction
Some of the recent water quality studies include: an assessment of trace elements in surface and ground water quality in the Ebocha-Obrikom oil and gas producing area of Rivers State, Nigeria by Raimi and Sabinus (2017) [1] ; Morufu and Clinton, (2017) [2] , water-related problems and health conditions in the oil producing communities in central senatorial district of Bayelsa State by Raimi et al. (2017) [3] , water quality on intermittent water supply by Erickson et al. (2017) [4], major ion chemistry of the groundwater by Bikundia and Mohan (2014) [5] , water quality due to temperature variation and water stagnation by Zlatanoviae et al. (2017) [6] , the use of fluorescence spectroscopy for tap water quality assessment by Heibati et al. (2017) [7] , Hydrochemical evolution and quality of groundwater by Jassas and Merkel (2015) [8] , and evaluation of hydrogeology and groundwater quality by Edet (2016) [9] . Water quality was also studied in different areas of the world by Dhamodharan et al. (2016) [10] , Li et al. (2016) [11] , Nagaraju et al. (2016) [12] , Kumar et al. (2017) [13] , and Tiwari et al. (2017) [14] .
In most parts of the Niger Delta region of Nigeria, the major challenge of survival is the provision of good quality (potable) water because of environmental pollution and degradation [15] . In most cities, towns and villages in this region, valuable man-hours are spent on seeking and fetching water of doubtful quality to meet specialized needs [16] [17] .
Objectives of the Study
This study examined the health risk assessment on heavy metals ingestion To achieve this, the following specific objectives were to:
1) Examine the level of ground water pollution in the study area 2) Determine the quality of ground water in the study area and compared with national and international standards for drinking water.
3) Assess the quality of borehole and well water in the study area.
Materials and Methods

Study Area
The Ebocha-Obrikom area is located between latitude 5˚20'N -5˚27'N and lon- 
Sample Collection
Sample collections were limited to the groundwater. Ground water sources were All the samples were taken in the daytime between 9.00 am and 3.00 pm.
Night samples were not collected because of insecurity. The sampling was carried out between October 2015 and December 2015.
Sampling, Preservation and Analysis
The water sampling and the analysis follows standard procedures described in APHA [18] . Other parameters are outside the standards. [19] , hence the contrasting relationship between the three locations. For total hardness, it was significantly higher in Egbeda than the remaining four locations (p < 0.05).
Results and Discussion
Results
Analysis of Variation of Physico-Chemical Parameters at Different Locations
Quality of Groundwater, Borehole and Well Water
The analysis of dissolved oxygen (DO) is used to measure the amount of gaseous oxygen dissolved in the water, which is crucial for all forms of life, as oxygen (O 2 ) plays an influential role in nearly all chemicals and biological processes within water bodies [20] . The highest mean value of DO was recorded in borehole water and well water which were above the permissible criteria of National regulatory bodies. DO in liquid provides a source of oxygen needed for the oxidation of organic matter when the concentration is high and lack of it causes the water body to become dead or devoid of aquatic life [21] . This result shows that the support was found in Morufu and Clinton, (2017) [2] and Raimi and Sabinus (2017) [1] indicating that ground waters could also be conveniently used to support fish pond activities since DO values were above the recommended value [2] . Typically, DO levels less than 2 mg/l will kill fish [23] . Chapman and Kimstach (1992) [20] noted that DO concentrations below 5 mg/l adversely affect the functioning and survival of biological communities and below 2 mg/l may lead to the death of most lives.
Oxygen is soluble in water and it tends to be less as the temperature increases.
The pH revealed that the maximum and minimum pH values in the water resources from all the sampling sites fall below the permissible criteria of National and International regulatory bodies. Therefore, it has made these sources of water available to the inhabitants of the area as low-quality water [1] . The collected pH values of the samples are found to be relatively low; and the recorded low pH values suggest the acidic precipitation within the immediate vicinity of the natural gas processing installation [23] . Optimum pH range for sustainable life is 6.5 -8.2 [24] . Water that is too acidic or too alkaline can be detrimental to human health and lead to nutritional disequilibrium, which is demonstrated in an oil spilled area where both pH extremes are found to be problematic [25] . Acidic precipitation is known to pose a threat to various economic resources; fisheries, forestry, agriculture and wildlife [26] . Acidified waters may leach toxic metals from watersheds and water distribution systems, and the presence of these metals in drinking water can result in a number of serious human health impacts [23] . The observed acidic pH in this study agrees with the report of Abowei of the borehole will allow extraneous fluids like oxygen to feed the well [37] .
The report of Egila et al. (2001) [38] on oxygen converts the soluble ferrous ion to insoluble ferric ion. It is added that this will further degrade the quality of water in terms of the iron content. In addition, Edet and Ntekim (1996) [39] stressed that the geologic materials around the borehole sites may contain a lot of peat, lignite and organic mud bed that are pyritic. He stated that iron can be leached out of pyrite and entrained in the groundwater system and if the quantity is high, it will contaminate the groundwater systems. Also, Moriber (1994) [40] some heavy metals are naturally present in some natural water sources. This possibly explained the levels of iron contents in the samples. The few excessive concentrations of iron obtained in this work may be injurious to health because iron is a potent dietary antagonist of copper metabolism in ruminant [41] . Iron however, is an important element required for the synthesis of haemoglobin during haemopoiesis in the bone marrow [24] . Iron also promotes the growth of iron bacteria, often taste unpalatable and strains laundry and plumbing features as a result of the precipitation of Fe(OH) 3 from unstable FeSO 4 present in water [42] . The results also corroborate the findings of Morufu and Clinton, (2017) [2] , Waziri, (2006) [43] , and Raimi and Sabinus (2017) [1] that although, iron in drinking water is not a major health concern, concentrations above 3 mg/l can cause food and water to become discoloured and taste metallic. Iron deficiency in the human blood could lead to anemia while excess of it could generate free radicals into the system which could speed up the aging process [19] .
Results of the analysis reveal the low concentration of trace metals (Cu, Cr, Mg, Ni, Pb and Zn) in majority of the sample recorded in the study area. Trace amounts of metals are common in water, and these are normally not harmful to our health. Cobalt, Copper, Iron, Manganese and Zinc etc. are needed at low concentrations as catalysis for enzyme activities. [23] Drinking water containing high levels of either essential metals or toxic metals may be hazardous to our health [23] . The mean concentrations of the heavy metals in the analysed water samples are all found to fall below permissible criteria of National and International regulatory bodies. This suggests a good heavy metal abatement installation This disease is a result of drinking the water contaminated from the corrosion of water pipes made of copper and industrial wastes.
The highest value for Long term exposure to the lead as in over dependence on water sources could lead to the decreased performance in some tests that measure functions of the nervous system, weakness in fingers and wrists, emergence of wrinkles, small increases in blood pressure and anaemia while the exposure to high levels of lead could instantaneously lead to severe damages to the brain and kidneys, miscarriage as well as outright death
Zinc was observed at well water. The maximum permissible limit of 5 mg/l for Ni/Cr and Cu/Cd lead to hair loss and chronic anemia, respectively. In addition, chronic health effects include cancer, birth defects, organ damage, disorders of nervous system and damage to immune system [45] . Cd, Cu, Co, Cr, Mn, Ni, Pb and Zn are toxigenic and carcinogenic agents consistently found as contaminants in human drinking water supplies in many areas around the world [46] .
The level of Zinc in the borehole and well water compared significantly with the reported level of the Niger Delta [2] [34].
According to Udo (2004) [41] zinc has been implicated in rickets-like diseases.
It must also be noted that heavy metals, toxic or non-toxic are non-degradable and are therefore persistence in the ecosystem [41] . It is observed that to a large 
Conclusions
The drinking water quality is evaluated for residents in an oil and gas producing area of Rivers State, Nigeria in terms of the physico-chemical compositions of the ground waters, which have been shown to be above compliance standard for drinking in terms of iron (F − ), turbidity and pH, respectively; high iron concentration and high pH value make ground water unfit for drinking. The ground water sources are slightly acidic and may have the tendency to cause health problems to the users. This may be attributed to emissions from gas flaring and petroleum refining activities, which is common in the area. Thus, the water quality of Ebocha-Obrikom communities is believed to be gradually deteriorating particularly in the study area. Therefore, by its present quality status it can be assumed that it is detrimental to human life. Results revealed that water quality status of Ebocha-Obrikom is adversely impaired with the discharge of industrial effluents, which dissolved and produce toxic substance at lower pH values.
Turbidity in the water was observed to be high and its aesthetic value seemed lowered because of wastes input from industries. Also, value of turbidity is high due to high dissolved mineral which was the cause for the milky-white colour of the water which can affect its acceptability for drinking. Additionally, according to the Standards, objectionable levels of Iron concentrations are noted in all the groundwater sources. Likewise, the higher levels of Iron may expose the consumer of such water to health risks over time. Also, alarming are the consequences or chronic impacts of the levels of iron recorded in this aquatic ecosystem that may damage tissues because of iron accumulation and may result in development of a benign pneumoconiosis. Iron may cause conjunctivitis, chorditis and retinitis when contacted remained in the tissues. The presence of Iron in drinking water supplies is objectionable for several reasons unrelated to health. For example, water containing iron has taste and stains laundry and plumbing fittings and endorses iron bacterial growth. Furthermore, in the maximum protection of the health of the natives from the potential effects of exposure to Iron through ingestion of the contaminated ground waters and aquatic organisms, the ambient water concentrations of Fe in drinking water are normally 0.3 mg/L and the excessive limit is 1.0 mg/L. Iron level gets much higher if the Iron gets corroded. This is very common with waste water or effluent from factories which are usually discharged into nearby water bodies using Iron pipes. The results suggest the use of such waters for drinking and domestic purposes may pose a threat to the health of the users and calls for the intervention of government agencies.
However, results of the study show that groundwater of the study area is contaminated with oil spillage. The effects on the indigenes may depend on the extent of consumption and their previous health history. If the treatment is not considered as soon as possible, there is no doubt that these health problems may cause low life expectancy and affect the productivity of the study area. Therefore, the importance of access to good quality water in this global era cannot be overemphasized to ascertain good health for the local residence.
Recommendations
This study therefore recommends that detailed medical tests should be carried out in further research to ascertain the health of the people, and adequate sources of drinking water should be provided to those households whose drinking water supplies are being impacted upon. Moreover, in view of the higher levels of iron recorded in the groundwater sources, it is recommended that one form of treatment or other may be required to reduce the risks associated with the consumption of high levels of iron. This may be achieved by exposing the contaminated water for about an hour followed by filtration since reverse Osmosis method for the treatment of iron may be too expensive for individuals, chambers containing lime be constructed and connected to the bores to increase the pH before consumption. Similarly, community water and sanitation agency and other philanthropists should make provision of good ground water quality a top priority and not just making water available. This may be achieved through thorough comprehensive groundwater monitoring and adequate treatment should be implemented in area earmarked for the provision of boreholes or wells, government should carry out clean-up exercise immediately there is spillage to prevent infiltration of oil into the groundwater. Furthermore, oil spill prevention, containment and counter measures should be put in place, signs should be posted around all sits identified as contaminated, warning the community not to engage in any activities close to polluted sites, campaign to end oil bunkering activity should be a joint initiative between the oil company, state and the local government authorities. Above all, the oil companies should therefore make concerted efforts to address this issue by carrying out proper clean-up and remediation methods to check-mate the problems.
